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Semi-analytical solution of nonlinear aeroelastic systems with freeplay
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Abstract: The semi-analytical periodic solution of a nonlinear aeroelastic system with freeplay was
solved by the time-domain minimum residual method. First, the periodic solution of the aeroelastic sys-
tem is expanded into the Fourier series, and the first NV term is truncated as the approximate analytical
solution. Then, the velocity and acceleration of the system are obtained by taking the derivative of the
approximate solution in the time. And the displacement, velocity and acceleration functions are substi-
tuted back into the original aeroelastic system. Then, the problem of solving the semi-analytical solu-
tion is transformed into a nonlinear least-square optimization problem. Finally, such minimum value
optimization problem is iteratively solved by the enhanced response sensitivity approach. In the above
iteration, the Tikhonov regularization and “trust-region constraint” are used to enhance the algorithm’s
convergence. Numerical examples show that the time-domain minimum residual method can quickly
obtain high-precision semi-analytical solutions.
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